One of the oldest known fossil scorpions, a new species from the mid-Silurian Eramosa Formation (430 myr) of Ontario, Canada, exhibits several surprising features. The depositional environment and associated biota indicate a marine habitat; however, the leg morphology of this scorpion, which has a short tarsus in common with all Recent scorpions, suggests that a key adaptation for terrestrial locomotion, the ability to support its weight on a subterminal 'foot', appeared remarkably early in the scorpion fossil record. Specimens are preserved intact and undisturbed in a splayed posture typical of moults rather than carcasses. We postulate that these animals were aquatic, but occasionally ventured into extremely shallow water, or onto a transient subaerially exposed surface while moulting, before returning to deeper water. Shed exuviae were preserved in situ by rapid overgrowth of bacterial biofilm.
Introduction
Scorpions are the oldest known arachnids, dating back to the Silurian Period [1, 2] . The oldest known, recognizable as a scorpion only in outline, comes from the late Llandovery series (433-438 myr) of Scotland [1, 3] . Here, we document a well-preserved assemblage of slightly younger scorpions from the early Wenlock (430-433 myr) Eramosa Formation of the Bruce Peninsula, Ontario, Canada. Eramoscorpius brucensis gen. et sp. nov. is the oldest known occurrence of a fossil scorpion bearing anatomically modern walking legs, in which the next-to-terminal element, the tarsus, is shorter than the preceding basitarsus (figures 1 and 2). This provides the potential for a so-called plantigrade stance, with the short tarsus (foot) placed flat on the substrate, interpreted here as evidence that a key adaptation for life on land appeared remarkably early in the scorpion fossil record. By contrast, other Silurian scorpions have either stubby, pointed, rather 'crab-like' legs [4, 5] , or legs in which the tarsus is distinctly longer than the basitarsus [6, 7] , in either of which cases the animal must have walked on its 'toes' (digitigrade stance). The original habitat of the earliest scorpions remains controversial, and previous suppositions that most mid-Palaeozoic taxa were marine have been questioned [8] . Its coxosternal morphology as well as the depositional environment and associated fauna imply that E. brucensis was primarily an aquatic animal, yet we document limbs consistent with the potential for terrestrial locomotion. 
Systematic palaeontology

(a) Etymology
The genus is named for the Eramosa Formation, the species after the Bruce Peninsula, Ontario.
(b) Material
With one exception, specimens were collected by quarry workers who did not divulge precise location information, or were discovered in quarried stone delivered to landscaping projects. All specimens are in the invertebrate fossils collection at the Royal Ontario Museum (ROM (c) Diagnosis of genus and species
Fossil scorpions in which the coxae of walking legs II-IV are fully separated by a narrow triangular sternum with a distinct medial furrow; coxae of leg I abut the sternum and meet in front of it; coxapophyses are absent. Chelicerae small; pedipalps large and robust, with long fingers. Legs long, laterally Palaeophonus with stubby 'crab-like' leg, with all elements about the same length; Proscorpius with tarsus distinctly longer than basitarsus (both slightly younger than Eramoscorpius); Eramoscorpius with tarsus distinctly shorter than basitarsus; Buthus, a modern scorpion with tarsus distinctly shorter than basitarsus. The Eramoscorpius leg is well on its way to being modern with its short tarsus, but is not as gracile as a typical modern scorpion leg, which shows a notable lengthening of the patella. (Online version in colour.)
rsbl.royalsocietypublishing.org Biol. Lett. 11: 20140815 compressed, with two claws; walking leg IV reaches beyond end of mesosoma; tarsus of all legs shorter than basitarsus.
(d) Description
Because total length ranges from an inferred minimum of 29 mm up to ca 165 mm, dimensions are expressed as ratios rather than as absolute measurements. Carapace smooth, about one-seventh of total length, subquadrate with a slightly curved anterior margin and a faint pattern of transverse sulci. Chelicerae small with only the distal articles visible, free finger quite short in relation to the total length. Pedipalps large and robust; femur longer than patella, chela making up just under half total pedipalp length, and more than one and a half times carapace length. Maximum width of manus about one-third of total chela length; free finger long, making up about twothirds of length of chela. Patella distinctly shorter than manus; manus bears a dorsal keel; no apparent ventral ornament. Ventrally, the sternum is long, a little over two-thirds length of prosoma, narrow and triangular, more than twice as long as its maximum width, with distinct median furrow. Coxae of legs II-IV abut sternum, but do not extend in front of it, coxae I also abut sternum, meet in front of it; significantly, there are no coxapophyses-projections from the anterior limb coxae which contribute to a pre-oral chamber in living scorpions permitting extra-oral digestion. Walking legs long, laterally compressed, lengthening progressively from I to IV with leg IV longest and extending beyond the end of the mesosoma. Marked differentiation in length of articles. In common with all Recent scorpions, tarsus is distinctly shorter than basitarsus. Walking legs end in two short claws.
Mesosoma length about one-third of total, maximum width less than half its total length. Tergite I short, tergites II-VI about equal in length, apparently with a low transverse ridge at the anterior border; tergite VII longer, bearing two pairs of carinae, one pair mesodorsal, the other laterodorsal. Six somites visible ventrally; faint but distinct traces of short pectines are present in two specimens, with the posterior margin normal to the midline and each rachis bearing less than ten rounded teeth. The first visible sternite (second somite) has a triangular break at the posterior edge; first and second sternites appear to have a median slit. Metasoma makes up about half the total length and is composed of five subrectangular segments, all about the same size, longer than wide. Carinae difficult to distinguish, but there appear to be a single pair of dorsal carinae and possibly two pairs of ventral carinae on the metasoma. Telson well exposed in four specimens and bears a distinct aculeus making up about half its length. Total telson length slightly less than that of a metasomal tergite.
Discussion
The slender sternum with distinct median sulcus is reminiscent of the giant (approx. 1 m long) Devonian scorpion Praearcturus gigas, which does exhibit coxapophyses but for which distal appendage elements are unknown [9] ; but the combination of characters in Eramoscorpius, in particular, the lack of coxapophyses, together with its 'modern' limb morphology, do not fit any previously diagnosed genera in the literature. Fossil scorpion systematics suffers from the highly typological system of Kjellesvig-Waering [9] , and in the absence of a robust phylogenetic framework, we prefer to leave the familial position of our new specimens open.
Specimens all derive from the mid-Silurian (Wenlock, Sheinwoodian) Eramosa Lagerstätte of the Bruce Peninsula, Ontario. All occur on bedding plane surfaces of finely crystalline, laminated, organic-rich dolostones typical of the so-called Lithofacies 1 of the lower Interbedded Unit [10] . These are interpreted as shallow marginal marine deposits, representing restricted lagoonal to inter-reefal environments. Laminations are highly organic, indicating repeating microbial mat surfaces [11] . Several specimens are associated with bedding plane structures interpreted as adhesion ripples [10] or wrinkle surfaces [11] suggestive of brief subaerial exposure. The fossils are remarkably complete and well preserved, occurring in undisturbed dorsoventral aspect, indicating little to no transport before burial. The scorpions occur on slabs with no associated macrofossils, but the rich Eramosa Lagerstätte biota, in general, contains no terrestrial elements, and many of its component taxa are unequivocally marine (echinoderms, trilobites, brachiopods, cephalopods) [12] . Specimens were apparently preserved by microbial mat biostabilization in a depositional environment lacking significant terriginous input.
The oldest scorpions have been assumed by many authors to have been aquatic [9] although this assertion has been challenged [8, 13] . Preservation of respiratory organs in early fossil scorpions is extremely rare. Two Devonian scorpions show hints of lungs [13, 14] . The oldest unequivocally lung-bearing scorpions come from the Early Carboniferous of Scotland [15] . Where respiratory organs are absent, evidence for original habitat must be inferred either from sedimentology and/or any associated biota (see above) or from other anatomical features.
The contemporary Silurian scorpions Allopalaeophonus caledonicus and Palaeophonus nuncius with short, stubby, pointed and rather 'crab-like' limbs [4, 7, 9] , and the slightly younger Late Silurian Proscorpius osborni, with the tarsus demonstrably longer than the basitarsus [7] , all suggest a rsbl.royalsocietypublishing.org Biol. Lett. 11: 20140815 digitigrade stance in which the scorpion effectively walked on the tips of its toes, suggesting an aquatic habitat. In contrast, the short tarsus-to-basitarsus length ratio of E. brucensis is regarded as a prerequisite to a plantigrade stance allowing locomotion unsupported by water, as the body weight is spread over the larger surface area of the whole tarsus [7] . Together with the long legs, laterally compressed podomeres, and sturdy coxosternal structure this suggests an animal capable of locomotion on land, whereas the absence of coxapophyses, consistent with aquatic feeding, draws into question how such an animal would feed in a terrestrial setting. Recent scorpion moults and carcasses are about equally durable [16] and a moult resembles a complete, but empty animal. Thus, an intact exoskeleton is not by itself a reliable indicator of a carcass. Exuviae of living scorpions, however, show a highly consistent arrangement of limbs, and the pose of all E. brucensis specimens, with extended pedipalps, chelicerae and walking legs, coupled with the occurrence of telescoped limb elements, suggests that these specimens are in situ moults that have not been appreciably disturbed or transported [17, 18] . An apparent lack of obvious flexure between the tarsus and basitarsus (to form an 'ankle') may be real, or may be an artefact of the moult process causing straightening and minor telescoping of the joint. As aquatic scorpions would have been extremely vulnerable while moulting, selection for a leg structure that permitted short-term locomotion into very shallow water or onto a temporarily emergent surface to moult, safe from, for example eurypterid or cephalopod predators, would confer a decided advantage during ecdysis. In this scenario, the exuviae were quickly overgrown by a bacterial film before physical disturbance or degradation. All known specimens of E. brucensis are interpreted as exuviae, and the preferred habitat of the scorpions between moults cannot be determined. While perhaps not all animals actually ventured onto temporarily emergent surfaces to moult, the exuviae of those that did would have had an improved chance of being coated by biofilm and thus preserved.
